Abstract. We introduce a new approach to orthogonal drawings of planar graphs. We define invariants that are respected by every drawing of the graph. The invariants are the embedding together with relative positions of adjacent vertices. Insertions imply only minor changes of the invariants. This preserves the users mental map. Our technique is applicable to two-connected planar graphs with vertices of arbitrary size and degree. New vertices and edges can be added to the graph in O(log n) time. The algorithm produces drawings with at most m+f bends, where m and f are the number of edges and faces of the graph.
Introduction
Orthogonal drawings of graphs are used in many applications, e.g. entity-relationship diagrams or VLSI design. They occur in interactive programs like CASE tools, where graphs are built step by step in an interactive session. Clearly the user shall be supported in this task. Such a system should not only create nice drawings. The given layout shall be changed such that the users mental map is preserved ( [7, 10] ). A lot of work has been done on incremental orthogonal layout of non planar graphs ( [11, 3, 9, 1] ). But we know only one activity in the area of incremental orthogonal layout of planar graphs [2] which is based on [8] . Brandes et al. optimize a combination of static and interactive requirements, this means layout quality and the preservation of the mental map.
We introduce a different approach with invariants for the representation of the users mental map. We restrict ourselves to two-connected planar graphs and allow changes of the graph by insertions of vertices and edges. These insertions must preserve planarity, the embedding, and the mental map. Our model is based on the concept of the Kandinsky algorithm [8] . There are unit size vertices with sufficiently many pins on each side to connect arbitrary many edges to the node. In the following, we first define the restrictions R and show how updateoperations change R. We examine the number of bends which can be achieved with this restrictions. This leads to the 4-sector model. Then we show how to implement the update-operations O(log n) and how to generate drawings in O(n) time. 
Restrictions
We consider two-connected planar graphs together with an embedding. Additionally we define restrictions as invariants for insertions. This set of operations is sufficient to produce any two-connected planar graph ( [5] 
Definition 1. Given a planar graph G(V, E).
= {v, v 2 }. x = {v 1 , v 2 }. x ∧ {v 1 , v}. y = {v, v 2 }. y = {v 1 , v 2 }. y .
Bounds on the Number of Bends
We introduce the 4-sector model, which will serve as an invariant for our algorithm. Note, that every sector can be empty or consist of a single vertex only. This is no restriction of the 4-sector model, because two bends are unavoidable. 
Interactive Algorithm
We show how to implement the update operations in O(log n) and then construct a drawing of a graph with a restriction system in the 4-sector model. initialize() creates a triangle with a restriction system in O(1).
Insert-Operations Theorem 2. Given a planar graph with a restriction system R in the 4-sector model. Then insertV ertex(edge e) can be made restriction preserving such that the resulting graph and the restriction system are in the 4-sector model.
Proof. The proof is similar to a derivation step in [4] . The edge e is replaced and the new edges inherit x and y from e. See Figure 4 for an illustration. 
Data Structures and Time Complexity
Our data structure is an extension of a DCEL ( [12] ) that is commonly used for planar embeddings. The data structures consist of the following attributes:
-Edge e:
1. The embedding is stored in a DCEL. Thus every edge has pointers to its cyclic successor and predecessor at both end vertices. 
Drawing Algorithm
We generate an orthogonal representation, and then can use any algorithm which computes an orthogonal drawing from an orthogonal representation (e.g. [8] ). The algorithm has the following properties:
1. The drawing respects the restriction system. 2. At most |F | edges have two bends. The remaining edges have one bend. 3. The algorithm takes O(n) time. 4. The routing of an edge is fixed as long as the number of its bends is unchanged. In [6] the routing of an edge is claimed to be part of the mental map. 5. The drawings are in the Kandinsky-Model [8] .
Since the embedding is given, only the routing of the edges has to be computed. Every edge starts vertically at the right side of its left adjacent vertex followed by a horizontal segment. If the edge has one bend, it ends at the right vertex. In case of an edge with two bends we have an additional vertical segment. Figure 5 shows all possible edge routings. Thus it remains to compute which edges have two bends and which have only one bend. 
Lemma 2. Given a planar graph and its restriction system in the 4-sector model. An edge e has two bends if there exists a face where

Further Extensions
Our approach is easy to extend to additional requirements. For example, for graphs with vertices of arbitrary sizes, the drawing algorithm takes the width of the vertices into account, when it evaluates the 5, dependencies and similarily for the height and 5, dependencies.
